閉塞性黄疸肝における好中球遊走浸潤機構とケモカインの関与 by 伊藤, 博 & Ito, Hiroshi
r■ ヽ
S
5
～
閉塞性発症肝各こ瀦さサる好 中球遁走浸潤機構 と
ケ 菅 カ イ ン の 閑尊
≪課題 番 号 且0 6 7 且且5 堵)
平成10年度 - 平成11年度科学研究費補助金 (基盤研究(c)(2))
研究成果報告書
平成12年3月
研究代表者 伊 藤 博
(千葉大学医学部第 一 外科講師)
研究組織
研究代表者
研究分担者
研究分担者
研究経費
平成10年度
平成11年度
計
伊藤
宮崎
安蒜
博 (千葉大学医学部附属病院講師)
勝 (千葉大学医学部講師)
聴 (千葉大学医学部附属病院助手)
2, 200干 円
1, 000千 円
3, 200千 円
研究 発 表
(1) 学会誌等
1. M iya zaki M, Ito H, et. al. :Aggr e siv e s urgicalappr o a chestohilar chola ngio c a r cin o m a･
hepatic o rlo calre s e ction? Surgery 123:131- 13 6, 1998
2･ Ito H
,
Mya z aki M, et･ all :Haptotactic m igr atio n ofpa n cre atic c an c e r cellsinduced by
●
bio a ctive co mpo nentsinbo vineliver extr act･ Jo ur nalof Surgi c al Oncology68:153
-158
,
●
1998
3･ Kim u raF
,
Mya zaki M, Su w aT,Ito H, et･ al･: Hype r a ctiv e cytokin e r e spo n s e afterpartial
hepatecto myl nPatie nts with biliary obstr u ctio n･ Eur opean Surgical Res e a rch 30:2 59-267,
1 998
4･ Itoh H
,
et. al.: Alter atio n sinPu r(alpha)levels a nd intracellularlocaliz atio ninthe C V-1
cdlcycle. Cell Gr o wth a nd Di 触rentiatio n9:651- 66 5･,1998
5
･ Shi miz u Y
,
Miya zaki M,Ito H, et･ all: Enha n c ed Polym o rpho nu cle a r n e utr ophil
- m ediated
endothelialc ellinjury and its relatio ntohighsurgicalm o rtalityr atein cirrhoticpatie nts･
Americ a nJour nalofGastr oenter ology94:3297 - 3303,1 999
6. Ito H , Myazaki M, et. al.:Se ction ofextra cellular m atrix(fibr o ne ctin),gfowth factor
(transfo rming gro wthfactorbeta)and pr ote ase(cathepsin D)byhepato m ac e11s･
On c ology(inpre ss)
(2) 口頭発表
1. 中村俊太 ､ 宮崎 勝､ 伊藤 博､ 他 : 閉塞性黄痘時における好中球 の肝組織遊
走浸潤機序に関する基礎的検討 . 第34回日本肝臓学会総会 (1 998年6月)
2. 伊藤 博, 宮崎 勝, 他 : 閉塞性黄痘における好中球の肝組織浸潤機序に関す
るcbem otaxis a ss ayで の基礎的検討 . 第1姻 日本炎症学会(1998年9月)
3. 清水宏明, 宮崎 勝､ 伊藤 博､ 他 : 閉塞性黄痘肝切除後 の肝不全発症進展 に
おける臓器内好中球浸潤と活性化好中球による内皮細胞障害に関する検討 . 第99回
日本外科学会 (1 999年4月)
4. 若林康夫､ 宮崎 勝､ 伊藤 博､ 他 : 閉塞性黄痘 モ デル における肝内好申球浸
潤機構に つ い て 第53回日本消化器外科学会総会 (1999年2月)
5. 岡屋智久､ 宮崎 勝､ 伊藤 博､ 他 : 閉塞性黄痘時 の肝微小循環およびKupffer
細胞活性 の変化 一 生体顕微鏡に よる検討 - . 第4回肝循環懇話会1 999年3月)
外科領域におい て閉塞性黄痘 (閉黄) を伴う胆道療症例などの肝切除術後は
正常肝の肝切除症例に比し､ 術後肝不全な ど重篤な合併症の発生する率が高い ｡
こ れ を背景に閉塞性黄痘時にお ける肝細胞障害機序の 一 つ と考え られる好中球
の肝組織内浸潤現象に つ き､ ラ ッ ト閉塞性黄痘モ デル による検討を加えた｡
実験方法は､ まず正常ラ ッ トおよび総胆管結紫に より作成 した閉黄ラ ッ トから
肝組織を摘出し組織抽出液を分離した｡ 次に正常および閉黄ラ ッ ト末梢血好中
球を分離後, 正常肝抽出液､ 閉黄肝抽出液､ さ らにはケ モ カイ ンIL-8 fami 1yの
一 員で あ る CIN C/Gr o, そ の 他の走化性惹起物質 (fM L P, A P) に対する走化
性を検討 し以下の結果を得た｡ (1)閉黄好中球は正常好中球に比 べ , その 運
動性 の克進を認め ､ 閉黄肝抽出液に対して1 0〟g/mlをピ ー クとする濃度依存性
の走化反応を示 し､ 正 常肝抽出液に比 し走化性 の 克進をみた (p<o. o1)0
f M L P
,
A Fに対する走化反応も閉黄好申球で先進 した｡ (2) CIN C/Gr oに対す
る走化性は､ 閉黄好中球は正常好申球に比 しより低濃度で走化性の克進を示し
(p<o.o5)､ より感受性が高い こ とが示された｡ (3)抗cINC/Gr o抗体 にて 閉
黄好中球の走化性は 一 部抑制された (p<0.05)0
こ れ らの 実験結果から閉塞性黄痘肝組織内好中球浸潤の機序に関 して , 好中
球側因子および肝組織側因子に分けて検討すると, 閉塞性黄痘時には末梢血好
申球の 運動能先進と共に , 閉黄肝組織中にはケ モ カイ ンCIN C/Gr oを含め た複
数の遁走惹起物質(ケ モ ア トラ クタ ン ト)の産生先進が起 こ つ て い る こ とが示
唆された｡ こ の 知見は全 身的あ る い は局所的な好中球走化反応抑制によ る組
織障害軽減を目指 した新たな治療法に繋が る可能性が期待され る｡
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A bstr act
Wein vestigatedfacilitation of in v a sio nby gr owth factors a nd chem otactic
factorsintu m o rc ell lines,particularly hepatocellular c ar cinom a･ Hepato ma c ells
(PLC/PRF/5 and Hep G 2)show edstro ng che mota xistow ardtheir re spectiv e
co nditio ned m edia while m etastaticpancre atic c ancer c ells(S
■U･86･86)and c olon
c ance rc ells(LS 174T)didn ot migrateto w ardtheir re spe ctive c onditioned m edial
Bas ed o nim mun oblotting, PLC/PR F/5 c ells s e cretefibrone ctin(a e xtra c ellula r
m atrix c on stitu ent),tran sfo r ming gr owth fa cto rβ(agr owth fa ctor), a nd catbepsin
D(a prote ase)I Fibr o nectinindu c ed a migr ato ryre spo n sein P L C仲RF/5 c els, and
anti一 肌 r o n edin antibody abolishedthe m lgratOryre spon se Ofthese c ellsto their
●
c o nditio n ed m ediu m . Antトintegrin β1 a ntibody als oimpeded migration ofthes e
c elstowa rd c o nditioned m ediu m . Polyclonala nti
- T G印 antibodya ndprotease
inhibitors(α2- m a croglobulin a ndle upeptin)addedto c ulture m edia Ⅱ10dulated
se cretion of fibronectin byPLC/P R F/5 c ells･ A ltho ugh e x ogeno u sTGFP
s uppre s s edS U.86.8 6c ells,ite nha n c edP LC/P RF/5 c elladhesionto substrate,
in c r e a slngViable c elln u mbe rs･ T hese adio nsindic atethatbepatoc ellula r
◆
car cinom a m ay poss e s aforc efula uto crine m e chanism e nabling c ellsto s urvive
andpr oliferate u nde r cirrbotic c onditio n s･
Intr odu ct育o n
Relentlesscellprolife ration andr apidinvasio ninto su rroundingtiss ue are
fundam e ntalcharacteristics of m align a nttum or cells･ Thes epr o ce ss e sin v olv e
auto crinegro wth m edl anis m sin clⅦdinga v a riety ofgr o wth fa cto rs, proteolytic
enzym es, m otilityfacto rs, and chem o attra cta ntsbr oducedbytu m or c ells[1,2].
Fu rther mo r e
,
som etum o r c ells als o signaln o r m alcells, s ucha sfibrobla st o r
●
endothelialc ells,to pr odu c efa ctorsthatstimulategro wth oftu mo rcells
(para c rine growth)【3,4】･ Differe nt types oftu m o r cellspos s e s s v a rying
m e chanis msforfa cilitating pr oliferatio n and inv a sio n unde rv ario us
c ondition s[5,6]･
Hepato c ellular ca rcin o ma generally orlgl nate Sin cirrboticliv e r, a change
●
m ost often resultingfro皿 infedio nbyhepatitis viruse s･ Ongol ngbepato cytic
● ●
ne cro sis and rege n e r atio n oc c llrin cirrhoticliv er, 1 n Cre aSlngthelikeliho od of
mutation du rlngthe D N Asynthe sis stageinthe proliferation cycle of
hepato cyte s[7]･ Whilethe cir rhoticlive rthu s appe arsto be afa v o rable
en viron me ntfo rcarcinogene sIS,itla cksfav orable char acte ristic sfortum or
●
growth･ Ongo i nginflam mation relatedto hepatitisle adsto c ontin uing Produ ction
◆
ofs ubstanc e ssu ch a scytokin e s a ndfr e e r adic alslikelyto beha r mfultotu m o r
c ells【8]･ Further more, the decrease sin density ofthe va sc ularbeda nd
conc omitantincre asesin fibro sis woulds e em toimpede canc e rgro wth and
inv asion. Inde ed, m eta sta sisis se enle ssoftenin cirrhoticliverstha nin n o r mal
1iv ers[9]･ Give nits unu s ualenviron m e nt,hepato c ellular c arcin o ma m aydiffe r
fr o mhepatic m eta static c anc er,in thatit m ay po s es suniqu em eChanism s e n abling
●
itto survive unde rci汀botic co nditio ns.
Wefo undthatPLC/P RF/5 c ells and HepG 2cells, bothhepato m ac ell lin e s,
show ed a striking m lgratOry respo n setO their re spe ctive condito ned media
(PL C/PRF/5- C Mand Hep G 2-C M)IIn c ontra stS U･86･86c ells(apancr e atic
c a r cin o ma c ell line deriv ed from aliv er metastasis)and LS 174 Tc ells(a colon
c arcin o m ac ellline) did not migratetow ardtheirr e spe ctive c onditioned m edialC Cl n O m aC l lin i d n m i OW CL t nlr tiv e C Ou l O G CLl ･
T hre etypes ofsec reted s ubstanc es w erefo undin conditio ned m ediu m fr om
PL CげR F/5 cellc ulture s: fibronectin(a n e xtracellular matrix c on stitu ent),
c atbepsin D(apr ote ase), andtransforminggr owth fa ctorβ(T G印,･agro wth
factor)･ Many re searche rsha v einv estigatedrelationshipsbetw e enindividu al
s ubsta n c e sinthese classes a ndpr ogressio n ofc a ncer,butfew studieshave
examin edthe r oles ofthes ethre ese creted
.
substanc esin hepato c ellular c?rcinom a･
W e e xplo r edthes erelation shipsin c elllin e sde riv ed fr om thistu m orty pe･
Mate rials a nd Me帥 ods
Cells
Thehu m anhepatom a c ell linesP L C/P R F/5:Ale x a nde r(A T C C C R L 8024)and Hep G 2
(A T C CH B- 8065),thehu m 弧 m eta Staticp 弧 Creatic c arcinoma c ellineS U.8 6.8 6(A T C C
CR L1 837), andthehu m a ncolo n c a rcino m a c ellineL S 174 T(AT C CC L188)w e r e obtained
fr o mthe Aneric a nType Cultu reColle ction(Ro ck ville, MD)･ Cells were maintain ed in
R PMト1640m ediu m(G IB C O, Gr a ndIsland, N Y)supplem e nted withloo/aPetalbovin e
s e ruhl(F B S), a nd 100p g/hl gentamicin(R P M トF B Sm edium).
& epa ratio n ofConditio n edMedia
P L C/P R F/5, HepG 2,S U.86.8 6, andLS174T cells w e regr ow ninR P M I-F B Sm ediu m
untilthey w e re n e arlyc o nflu e nt. The R P M トF B Sm ediu m w asdis c a rdeda ndthe cdl
m o n olayer w a sw ashedtwic ewithpho sphatebuffe reds alin e(PB S)to rem o v e r e maining
serum c o mpo n e nts･ T he m o n olaye r c els w e rein c ubatedfo r24hrinfresh R P M I-1 640･
m ediu m withoutF B S. A fter24 hrinc ubation c ulture m ediu m w a s c olle cted
,filter ed
thr o ugha45トLm filterto rem ove c ell debris, a ndr etain ed as c o nditio ned m ediu mfo r e a ch of
thefour c elltypes.
Extrac ellula rMatrix a nd Gr o wth Fa cto r s
TypeIVc ollagen(6 80-3 018),fibro n e ctin(33 016rO15),1aminin(1 21 63-010), recombin a nt
hu m anplateleトderiv edgr owth fa cto r(P D G F A B;1 3243-01 9)and r e c o mbin anthu m a n
tr an sfo rming甲o wth factor(rh
- T G FPl,132 52-01 0)w er epu rchased fr o mGIB C O(Gra nd
lsla nd, N Y)I Re c o mbin anthu m a nba sic丘brobla stgrowthfacto r(b- F GF)w a spurcha sed
fro mSigm a(St･ Lo uts, M O)･
Antibodie s
Anti-fibr o n e ctin m o n o cl nal(3 El)andpolyclo n ala ntibody(341 640)w e repurcha sed fr o m
Calbioche m- No v abio chem(Sa nDiego,CA), anda n anti･fibr o n e ctin m o n o clon ala ntibody
(IST-9)re a ctiv ewithan epitopelo c atedintheE D･ A s eque n c e ofc ellularfibr on e ctin w a s
pu r chas ed fr o mHarla nSer a- Lab(Loughbor ough,Engla nd)･ An a nti- integrinβ1(C D 29)
m o n oclo nalantibody(P 5 D 2)kn ow n tohav en utraliz ng a ctivity w a spurchased fr o m
C hemic o nCrem e c ula, C A)･ Antトc athepsin D m o n oclo nalantibody(O S13 A), a nti-u r okin a s e･
typepla smin oge n a ctivato r(u -PA)mon oclo nalantibody(# 5), a nd antトb-F GF m o n o clonal
a ntibody(3H 3)w e repur cha s ed i
.
r om On c oge n eScie n ce(Ca mbri dge, M A). AJlti- T G印
polyclonalantibody(AB-1 00- N A), whichhasa ne utraliz ng activityagain stT G FPl, w as
pur cha s edfrom R & D Syste m s(M in neapolis, M N).
Fr actio n ation ofCo nditio n ed Mediu m
Heparin a岱 nityehr o m atogr aphy w a spe rfo rm edas afirststeplnis olatio n of a
●
chem o attracta ntfr o mP L C/P RF/5- C M･ P L C/P R F/5- CM(100 ml)w as appliedto aheparin
affintyc olu m n(Heparin Cartridge, Bio- Rad, Richm ond, CA)ataflow rate of 2.0 ml/min.
Co mpo n e ntsintheheparin-bound fraction w er eeluted with 2･O Ms odiu mpho sphate(pH
6･8),dialyzedagain stdistilled w ater a nd lyophilized. Thefra ction of P L C/P R F/5- C M n ot
bindingtoheparin als o w a sdialyz ed again stdistilled w aterandlyophilz ed･ Lyophilized
&a ctio n sw er e su pended in R P M I-1 640 m ediu mfor chem ota xis a ss ay a nd in a s ample
lo adingbufferfor s odiu m dodecylsulfate-polya crylamidegelele ctr opho resis(S D S- P A G E).
Che m ota xisAs say
Cbe m ota xis w a sas s ayed using a48- w ellche m ota xis cha mber(Neur oPr obe, CabinJohn,
M A)and 8m mNu cle opo re filters(Plea s a nto n, C A)c o ated with l･O mg oftypeIVc ollage n
perfilter. Tu m o r c els(2xlO5)in s e ru m -fr ee R P M I 1 640w e re addedtothe uppe r
c o mpa rtm e ntofthe chamber;lo w e r c o mpartm e nts c o ntainedseru m free RP M I-1640a s a
c o ntrolo n c o ndit oned mediu m fr om tu m o r c ells, gr o wth factors, o r e xtr a c ellular m atrixtobe
testeda s chem oattra ctants. The chambers w e rein cubated fo r4 hr in ahu midifed 5% C O2
atm o sphe re within anin c ubato r at37
o C. Al
'
te r4 hr ofin c ubatio nthefilters w e r e r e m oved
,
艮Ⅹed inloo報 m etha n olfo r10min
,
a ndstain ed withhe m ato xylin andeosin. Thefilters w ere
w a shed indistilled w ater and m ounted o nglas s slides. T heside ofthet
q
llerin c o ated with
upper c o mpa rtm e nt w a swipedclean with a c otton s wabto re m o v e cdlpelletsthatdidn ot
pe n etr atethefilter. Cellsthathad migr atedto
d
thelo werside ofthefilterw ere counted under a
light mic r o s c opeat a m agni fic atio n of x2 00. Res ults w ere expr9SSed asthe number of
m igr atedc elspe rBelda ndrepresented a sthe m ean ± standard deviation of fiv e experim ents,
ea ch ass ayed inquadmplic ate･
To distinguishdirectio nalchem otaxisfr o m n o ndir e ctio n alche m okin e sis a checkerbo ard
an alysis w a sperfor med. Inthis a ss aythe c o n c entratio n ofc o nditio n ed m edium w a s
syste m aticallyvaried ov er a rangeinthe uppe r a ndlo w er c ompartm e nts ofcha mbers, a ndthe
filte rs w e repr o cess eda nd counted asdescdbed abov e･
Blo ckingassaystoide ntifyfa cto rs re sponsiblefo r migratio n of P L CPR F/5cellsto w ards
the c onditioned m ediu m wer eperfo r m ed using a nti-fibr o n e ctin antibody and
l
a nti-integrinβ1
antibody･ Anti-flbronectin antibody co n centratio n s w er e v aried inthelow er c o mpartm ents of
chambers c o ntai ming40
0/aP L C/P R F/5- C Masthe che m o attr a ctant･ In otheras s ays, anti-
integrinβ1a ntibody w a s addedtoP LC/P R F/5c ellsinthe upper c ompartm e nts ofch ambe rs,
andfiltersw erepr o c e ss eda nd c ounteda sdescribedabo v e･
Im m u n oblottingAs says
pr otein sin sa mple s were separatedbyS D S
-P A G E･ After ele ctr opho r e si , pr otein s
s epar ated o nthegels w e retr a n sfer redto nitr oc elulo s efilter sa c o rdingtothe methodof
To wbin[10]. T hefilters w e reblockedwith 5%skim milk in20m M Trisbuffe r s olutio n
co ntaining0.1% T 耶 e n20(T- T BS)atro o mte mper aturefo r2 hr, w ashedtwic ewith T-T B S,
a ndthenin cubated withappr opriatelydilutedprl m ary antibodyfo r1 hr atr o o mte mper atu re･
A Eter w a shing with T-T B S, filtersw erein c ubated witha1000
-fold diluto n of ho rs e r adish
pe r o xidase -labeled a nti
-r abbito ranti- m o u s eIgG a ntibody(Am e rsha m, Buckingha m shir e,
England)fo r45min, and w ashed fourtim eswith T-TB S･ Visualiz atio n ofthepr otein sonthe
filte rs usedthe E C Ldete ctio n system(An e rsha m). Dot-blota ss ays wer
■
eperfo r m ed usingthe
BioDotS Fsystem(Bio Rad)totr ansferthepr otein stotheFlter,thenfollo wingthe pr o cedure
fo rtheim m u n oblotting assaydescri bedabo ve･
p 聯 ctofAnti- T G Fβ o nSe c retion ofFibr o n e ctin a ndCathepsinD
p L C/P R F/5cells(2×105血1)w e rein cubated in a96- w ellplate with 250叶1of
R P M Im ediu m per w ellc o ntaining v aryingc o ncentratio n s ofanti
-T G印1polyclo n al
a ntibody(0.001to100ng/ml)･ A fter a24 hrin c ubatio nat37
o C in an atm o sphe rewith
5% C O2a nd 95% r elativehu midity, culture m ediu m was c ollected, c e ntri fuged at1 000x
gto re m ove c ell debris, andpro cess ed fo rthedot
-blota ss ay･ Blots w er e sca n n ed witha
photos c anner(S harp, Tokyo, Japan), usingthe A dobeP hotoshop progr a mto create
im age sfo rFlgur e S･ Ba nds w er equ antifiedusi ngthepublicdo main progr a mN IH lmage
1･6
,
andtheintegr ated de n sityofea chba nd w as repre sentedrelativet6de n sityofa
c o ntr olla ckinga ntトT G印 as a r atio.
EHkcts of&oteas elnhibito r s o nSe cretio n ofFibr o nectin a nd CathepsinD
p L C/P R F/5c ells(2×1 05/ml)W ereincubated ina96- w ellplate(with2 00plofs e rum ･f,ee
R P M Im edium pe rw ell)contai ming a2- m a c roglobulin(Bo ehringerMan nheim , M a n nheim ,
Ge rm a ny)orle upeptin(Bo ehringe rM an nheim)in v a rious co n centr ati. n s. Cells w e ,e
incubatedat37
o
C with 5% C O2a nd 95%relativehumidityfo r24 hr, a nd c o nditio n ed m ediu m
w a sc olle ctedfro m e a ch w ell･ An equala m ountofco nditio n ed m ediu m w a s appliedto
im m u n oblottingo rdotim m un oblotting a s ays u si ng a nti-fibr o n e ctinm ono clo nala ntibodyor
●
antトc athepsin D m on o clo nalantibdy･ Qua ntitatio n of ba nds w a sperfor m eda sdescribed
abo ve .
p
.
EHe ct ofrh- T G FPl on Cell 丹ollferatio n
Tu m o rcells(2×105/hl)w e r einc ubated inよ24- w ellplate withl mi｡fR P M I_ F B S
m ediu mper w ellc o ntainingrh- T G FPl indiffe rentc once ntr ations(0･001to100 ng/ml)･ A fter
a24 hrincubatio n at37
o
C with 5% C O2 and 95% relativ ehumi dity, n u mbers ofc ells atta ched
to and deta ched fr o mthebotto m ofe ach w ellw er e co u ntedsepar ately us 1ng Cellco u nter
●
EIz o ne 537 0(M icr om eritics, M ila n o, Italy)･ The n u mber ofc ells co unted w a s repre se nted
a sthe m e弧 ± sta ndard de viatio n ofe ach e xpe rim entpe血r medintriplic ate･
Re s uI七s
C he m ota xis
h the chem otaxis as say, P LC/P R F/5 cells a nd HepG 2c ellsdem onstr ated a
re m arkable m lgratOryrespon setOtheir re spe ctiv e c ondition ed m edia
(PLC/P RFβ -C MandH甲 G 2- C M),butS U･86･86andLS 174T cellsdidn ot
migr ateto w ardtheir r e spediv e co nditioned m edia(Fig･ 1 A)･ Furtherm o re,
m lgratOryr espon ses W er edem onstratedinthe heparin
-bindingfraction of
P L C/P RF/5- CM in a dose- depende nt m an ner,indic atingthat chem o attra ctants
in P L C/PR F/5- CM includedheparin -binding substances(Fig･1B)A Am ong
c o n c entr ation -respo n se c u r v e s, α r v esfo runfra ctio n atedPLC/P R F/5
- C M
w ere c on vex and c urv esfortheheparin -bindingfra ction of P L C/PR F/5-CM
w erelin e a一. T his s uggestedthatP LC/PR F/5- CM m ay c ontain m ultiple
che m o attr a ctantsthat were separ ated andpartially purified bythe heparin
affinty c olu m n･
To distinguish chem otaxis(dire ction al m otilityindu c edbysoluble
chem o attra ctants)fr om chem okin esis(nondire ctionalm otility), a
che ckerbo a rd analysis w asperfor med(Table 1)･ Inthis as s ayPLC/PRF/5-
◆
CM indu ced m ai nly chemota ctic r athe rtha n chem okinetic m igration of
PL C/PR F/5, buthigh c onc entrations of P LC/P R F/5-C M(50 %)alsoindu ced
chem (*in etic m lgration･
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The growth factorsb
-F G FandP D G Fals oindu ced m igratory re spo n sesin
P L C/P R F/5 c ells, achieving pe akre spon se at10ng/mlofb
-F G FandO･1
ng/mlof PD GF(Fig. 2 A)･ While o n e extr a c ellular matrix co mpo n e nt,
1amimin, did notindu c ea chem otactic respo n sein PL C/P R F/5 c ells, an other
●
m atrix co mponent,fibro ne ctin)indu c ed arem a rkable m igratory re spo n
s e
whe ntested atconc entrationfr om 10tolOOい･g/ml(Fig･ 2 B)･
Inthe blo ckingas say, a nanti-fibro ne ctin antibody(0･1to1 0,000ng/ml)
addedto P LC/PR F/5-C M in thelow e r c ompa rtm entc ompletely abolishedthe
migr atoryrespo n se of PL C/P R F/5 c ellsto P L C/P R F/5
-CM in a
cムnc entratio n-dependent m an ner(Fig. 3A)･ This migratory respon se w as als o
inhibitedby anti-integrinβ1 antibody(0･1to 10,000ng/ml) addedtothe
PLC/PR F/5 c ellsin the up per c ompartm ent ofthe chem otaxis cha mber(Fig･
3B). Thesedata s ugge st that migr ation of P LCPR F/5 c ellsto w ardtheir
c onditioned m edia depends on a ninte raction betw e en s ecr eted 丘brone ctin and
a nintegrl n -type re C eptOr e xpressed o nthe s uぬ c e of血epatom a c ells･
S DS-PA GE a nd Im mtm oblottingAss ay
pr otein s rele a s edinto PL CPRF/5- CM w ere separated byS D S-P AGE･
Neithe rb-FGF n or PDG Fwa sdete ctedin P LC/PRF/5-CM by
im munoblotting with a nti
-b- FGF and anti-P D GF antibodies(data not sho wn)･
Im m u noblotting u sl ngtw o different a nti
-fibron e ctin m o n oclonala ntibodies,
●
ll
3E landIS T-9
,
sho wedaba ndata m ole cularw eightof 220kD . Sinc ethe
IST-9 antibodyr ea cts witha nepitopelocated intheED
-A sequ e n c e, which is
specificfo rc ellularfibron e ctin,thefibr o n e ctin s e creted byPL CPRF/5 c ells
was ofthe c ellularty pe. We als ofo u nd c ellular
-typefibr one ctinin Hep G2-
C M byim munoblotingusingthese anti-fibr o n ectin antibodies(Fig･4 A)･
Next” pr otease srele asedfr o mP L C/PR F/5 c ells wereinvestigated using
antibodie s again st tw oproteas es, c athepsin D a ndu -P A, whichare w elレ
cha r a cteriz edprote a s e s s e cr tedby va rious c anc er c els･ Im mun oblotting
assayu s ingan anti- cathepsin D m o n o clo n alantibodydetecteda r elatively
de nseba nd of m ole c ularw eight5 2kD inthe non
-hepa rin -bo undfra ctio rl Of
P L CPRF/5-C M(Fig･ 4 B), while no bandappe ared whenthe anti- u -PA
antibody(data n otshow n)･ T土1is52 kD band c orrespo ndedtothepro enzym e
orpr e c u rsorform ofc athepsin D ･
Im munoblotting of P LC/PRF/5-C Mu singa n a nti-T G FP antibody sho w ed a
den se5 2kD bandtho ught to be c omposed of1 2 k D TGFP m o n om e ra ndio
kDlatency- ass o ciatedpeptide(LA P)m on om e r(Fig･ 4C)･
Effe ctofAnti-TG FP Antibody o nSe c r etio n ofFibr o n e ctin a ndCathepsin D
Dot-blot a s s ayshow edthata c onc e ntr ation O･1 ng/mlofpolyclonala nti-
TGFβantibodyinthe P L C/PRF/5 c el c ulture m edia s uppress eds e cretion of
fibr o ne ctin, whilelow c onc entrations ofanti-T G FP a ntibody(0･1to 10
12
pg/ml)slightlye nha nc eds e cretio n of 丘brone ctin c o mpared with controls
(Fig･ 5)･ Onthe otherhand, anti- TGFβ antibody did notindu ce
signific antly alter c athepsin D secretion･
◆
EH
-
e cts ofProte aseInhibito r s o nSe c r etio n ofFibro n e ctin a nd Cathepsin D
T he u nivers alendoprote aseinhibitor α2
- m a croglobulin enha nc edthe
se c r etion offibrone ctin and c athepsin D byPLC/P RF/5 cells ata
c onc entrations of 0.1 and1.0 U/ml. Le upeptin, which inhibits s erine a nd
thiolproteas es, also e nhanc edse cretion at a c onc e ntr atio n of l･0トtg/ml,butat
10orl OOトLg/mlle upeptin suppre ssedsec retion(Fig･ 6)･ Neither α2-
m a c r oglobulin no rle upeptinin伽 enc ed c ellviability at the c once ntr ation s
tested･ Sinc etw odifferent types ofprote as einhibito r, α2- m a croglobulin and
le upeptin, m odulatedthe se cretio n offibr o n e ctin and c athepsin D, a nu mber
ofprote a s es maybein volvedinthe se cretio n-regulatory systems of
PLC/P R F/5 cells.
Efe ctofrh- TGFβ o nCellProliJbr atio n
ln P LCPR F/5 c ells rh-TGFPaddedto c ulture m ediainc r e asedthe nu mber of
atta chedcellsin a do s e-depende nt m a nne r, whilethe n u mbe rof deta ched c ells wa s
c onstantor slightly de cre a s ed(Fig･ 7A)I Av erage viability ofattached anddeta ched
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c ells wa s98% a nd 66% respectivelyac co rdingtothetrypa nblue dye
- exclusion
te st. A比acbmentof bepatoma cellsto c ultu re dishes wa se nhanced byrb
- TG印,
re s ultingln anin c rea sein viable c ells･ Onthe otherhand,S U86･86cells sho wed a
co nc entration- depe ndentde cre aseinthe nu mber ofattachedcellsin respon seto rb
-
TG FP(Fig. 7B). Alm o stallc els w ere deta chedfr o mthe botom ofthe w ellwhe n
rb-TG印 wa s ad dedtopr odu c e a c once ntratio nof 100ng/ml･
Dis c u s sio n
canc er c ellsprodu c e v ario us substa nc e ssu ch asprote ase s, growthfacto rs, and
e xtracellular matrix thatc ontributeto tum orin va sion andpr olifer ation･ Am ong
thes e s ubstanc es c athepsin D , T GFP, and fibrone ctin are w ell
-kno w n c a n c e r c el
produdsthatparticipateinthes epr o c ess e s
･
･ Enha n c edprodu ction andse c r etion of
fibro ne ctin ha v ebe en r epo rtedin many c a nc占r cells, espe ciallyhepatom acells,
u nde r v ario us c onditions[11, 12]･ Dexam etha s o n e-tre atedrathepatom a c ellshav e
sho wn c o nside r ablethe synthe sis andsecretion of fibr on e ctin whichisbarely
detedable as a s ecretio npr odu ctin prim ary culture of bepatocyte s【13】･ We
dem on stratedthatthe bepato ma c ell lines P LC/P R F/5 a ndH甲 G2se creted
consider able a m ounts ofc ellularfibronectin intotheir c ulture media, andthat this
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secreted 伽r o ne ctin cbem otadic allyindu cedve ry pro minent m lgr ationin
hepatom a cells･ Onthe otherband, a m eta staticpancre atic
ca nc er cellline and a
c olo n canc er c ell line did n ots血o w a m lgr atOryrespon setO their conditoned
m edia. Furthe rm o re, w efound migratio n of P LCPRF/5to wardtheir c onditioned
m ediato be m ediated byinteradion sbetw e e n s ecretedc ellular 飢 rone ctin a nd
integrin -type r ecepto rs expr es sed o nthe hepato ma c ellsurfac e･ Melanom a
c ells
andsom e other c elltypesprom otetheir o w n m otility by a uto crine m e cha nis m s
s e creting chem oattr a ctants su ch a s auto c rine m otilityfactor(A M P)into their
c ultu r em edia[2]. Fibro n e ctin, whichindu c e sboth che mota xis(dire ctional
m otility)and chem okine sis(n o ndire ctio n alm otility)in PL C/PRF/5 c ells,is
se creted in asi mi lar a uto crinefashion and m ayplay ar olein extension of
bepato m ainto adja centliver･ Inte r a ction betw e en 触 one ctin and integrin
-ty pe
re c epto rs w o uld beprincipallyinv olved in s u chfacilita
tion ofin v a sion[14]･
pL C/P R F/5 cells als osho w ed a migr ato ryre spon seto b
-F GF a nd Ⅰ'DGF,
which hav ebeen reportedto be abnor mally ele v atedin seru ms ample sfrom
patients with cirrhosis【15,16]･ Patients with liv e rcir rho sis als oba∇ebe en
reportedto ha v ede cre a s ed c onc entration sof fibr o ne ctin[17]andin cre a s ed
co nc entrations oflamininin s eru m[18]. W efou ndthatexogeno u sfibr one ctin
indu c edP L C/PR Fβ c el cbem ota xisin a c o n c entration- depende nt m a nner･ Onthe
otherhand, PLCPR F/5 c elsshowed no migrato ry respon setolaminin, altho ugh
bothlaminin and fibro ne ctin c ontainthe Arg- Gly-Aspamino a cids equ e n ce(RG D
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s equ en ce)as acell- attachm ent m oiety･ PL C/PRF/5 c ells sho w eda migratory
r espo ns etobotha na utocrine(c ellularfibrone ctin)a ndpar acrine substa n ce s(b-
F G FandPDG F)･ Combin atio ns ofttlm O r- SPeCific and organ- spe cificfa cto rs c o uld
prom oteinvasion andgr o wth of bepato cellular carcinom a unde r cirrbotic
c onditions･ Further mo r e, s eru m orplasm ale v els ofc ellulartypefibrone ctinin
patients with hepato c ellular c ar cinom a mightpr o ve u s efula s am arker oftu m or
progre sion[19】･
TGFP iskno w n a s apo sitiv eregulator ofextra c ellular matrix c ompo n e nts
includingfibrone ctin in m a ny c elltypes[20, 21]･ Inthepre s e ntstudy abro ad
r a nge ofc onc e ntrations ofanti-TGFPpolyclonala ntibody(0･00Plto 100 ng/ml)
addedto c ultu r e m edia of P L C/PRF/5 cells modulated s e cretio n of fibr o n e ctinin a
c omple xpattern(Fig.6)･ Whilethe s edata sugge st thatT G印 enba nc es secretion of
fibr onectin, ali mited c o n c entration range of TG印 m aybe required, o rfe edback
m e chanism m ay existbetw e en T G Fβand fibrone ctin se c r etio n･
PLC/P RFβ c ells s e c r ete TG印 bou nd with L APintotheir c ulture m edia .
Late ntTGFPne edsto be activ atedin orderto a ct a s an auto crinegrowth fa ctor
【22]･ Horim oto etall ba v erepo rtedthat thelatentfo r m ofTG印 se cretedby a
gastric c a nc er c elline(K A T O-Il)w as activ atedby prote as e sthatalso w er e
secreted by KAT O-ⅠⅠIanda ctedin an a uto crine m a nne r[23]･ Cathepsin Dis ～
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know nas 弧 autbentic activator of latentT G印 and may perfo r mthisfunctionin
bepato m ac ells.
W e dem o nstratedthatcatbepsin D, a m ajo rlyso s om alaspartylprote ase, exists
●
in PLC/PR F/5-C Minthefor m of 52k Dpro c atbepsin D･ Manyinv e stigato rsha v e
reportedthatv ario us canc er cellsincludinghepato ma c ellsprodu c ed catbepsin D,
andhav edisc uss edthe adio n ofc atbepsin Din a s o ciatio n with ca nc erinv asio n,
m eta stasis, andprolifer ation[24]･ Inpartic ular, apositiv e c orrelatio nbetw e en
c athepsin D adivity and m o r e m align ant tum orbeha vio rhasbe en observ edin
brea stand endom etrialc anc er【25-27]･ Su chprogre sion ofc anc eristho ught to
la rgelyin v olv e adivities of c athepsin Din degrading e xtr a c elhlar m atrix or
a ctivatinglatentpr e c ur so rfor m sofothe rprote olytic enzymes･ Se v eral
inv e stigators ha v e r epo rtedthatpro c atbepsin D notonlybadpr ote olytic a ctivity
but als o mitogemic a ctivityin c a n c e rc ells[28, 29] ･
W efo undthat tw odiffe r ent type s ofprote aseinhibito r, α2
- m a croglobulin a nd
leupe ptin modulateds e c r etion offibr o ne ctin and c athepsin D byP L C/PRF/5 cels
(Fig･ 6)･ T he univ e rsalpr ote aseinhibito rα2- m acr oglobulininhibits alm o st all
khds ofpr ote ase s, and le upeptininhibits serin ea ndthiolpr oteas e ssu ch a strypsln,
plas m ln,PaPaln,thr ombin , a nd athepsl n SA and B･ T hese data suggest that
◆
sec retion and activation oftu m o r-pro motingfa ctors maybe regulated by a
number ofpr oteas e sin what m ay c onstitute a
”
pr ote ase c asc ade･
††
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Altho ughunde rce rtain c ondition sT G FPstim ulate sgrowthofsom e cells,this
fa cto rfunction s m ainly as aprolife ratio ninhibitorfo rm o stn o rm alepithelialcels
and ca n c erc ells[30, 31】･ Onthe otherband, Wright et･ all ha v eby potbesiz edin a
re view articlethat while abrogation ofnegativ egr owthregulationby TG印 was
ne c e s saryfor neoplastictran sfor mation ofcells, TG印 also directlye nhanc ed
c anc e rin v a sio nand m eta stasis[32]･ In o u r studyrh-T G FPaddedto the c ulture
m edia of PLCn)RF/5 c ells enhanc ed c ellatta chm e nt to dishes, resultingin
proliferation ofviable c ells(Fig･ 7A)･ By co ntr a st, exogenou srb-TG印
suppre s s ed or alm o st eliminatedpr oliferation ofS U 86･86cells, a m etastatic
pa n cre atic c anc er,in a dose-depende nt m a n n er(Fig･ 7 B)･ Supp;ession of SU86.8 6
c ellsbyrb-TG印 m o stlyinv olveda nincre a s ein the nu mber ofdeta血 ed cells,
wbicbresultedin s uppressio nofmitosis andprobablyprom otion ofapoptosisin
adhesion - dependent c ells･ In P LCげR F/5 c ells T G印 m ayprom ote ad he sio nto
substrate svia enha n c ed fibrone ctin secr etion. Fu rthe rm ore, PL C/PRY/5 c ells c o uld
be affe cted bylos sor alte r ation ofsen sitivity ofsign aling pathwaysto T G FP･
Thes e effe cts mightin v olvere c eptor e xpr e sion on c ellsu rfa ces[33, 34]o r
r egulation ofnu cle a rD NA r eplic ation viap27
Kipl
, aninhibito r ofcyclin and
cyclin-dependentkin ase(CDK), le adingto arr e st ofc ellprolifer ation[35]･ In any
ca se, T G印 se cretedbybepatom a c ells m ay prom ote c anc ergro wthintheliv erby
inhibiting gro wth ofa句acentn o rm al bepato cyte so repitbelialc ellsthathav enot
1 8
lo stsen sitivityto c ellgrowthinhibition by TG印 ･ TG印 s ecr eted by c a nc er cells
m ayindu c eapoptosis ofthe cels surr oundingtum o rin apa rac rin e m a n n e r.
In s um mary, w edem on stratedthat theP LC/PR Fβbepato皿 a C ell line s e cr ete s
thr eeimpo rta nt type s of biologically a ctiv e s ubsta nc es:fibrone ctin(e xtracellular
m atrix), TGFP(gr owth fa ctor), andc athepsin D(aprote ase)･ Ourdata suggest
thats e cretion ofc ellularfibrone ctin, a strongindu c er ofchem ota xis m ediated by
aninte r a ction with integrin,is regulatedby TGFP･ Late ntT G Fp,intu r n, might
be a ctivatedby cathepsin D aspartofapr otea se c a s c ade･ Thisforcefula uto crin e
m e cballism ad to pr odu c e a n enviro n mentco ndu civ eto tu m orgrowtha nd
invasio n･ U nde r standingthese m e chanisms ofgrob,th and inv asionin hepato ma
willallo w u sto de v elop n e w str ategl e Sfor c a n c e r
■
the r apy･
●
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